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57 ABSTRACT 

A DRAM incorporated with a self-refresh circuit is 
disclosed which includes at least one terminal (bonding 
pad) optionally supplied with a first or a second poten 
tial level, a row address buffer/decoder having an input 
node coupled to the terminal to receive the potential 
level thereof and energizing a first number of word lines 
when the input node is at the first potential level and a 
second number of word lines when the input node is at 
the second potential level, a gate circuit inserted be 
tween the terminal and the input node of the address 
buffer/decoder and activated in the self-refresh mode to 
hold the input node at the first potential irrespective of 
the potential level of the terminal, a refresh timer acti 
vated in the slef-refresh mode for generating a refresh 
request signal in a predetermined cycle, and a refresh 
controller responding to the refresh request and refresh 
ing memory cells connected to the energized first num 
ber of word lines. 

6 Clains, 4 Drawing Sheets 
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1. 

SEMCONDUCTOR MEMORY DEVICE 
NCORPORATED WITH SELF-REFRESH 

CRCUT 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
memory device and, more particularly, to a dynamic 
random access memory (DRAM) incorporated with a 
self-refresh circuit. 

It is indispensable for a DRAM to refresh each men 
ory cell in order to retain data stored therein. The re 
fresh operation must be performed on each memory cell 
at least once within a period during which each mem 
ory cell can hold data stored therein without destroying 
it. This period is called hereinafter "data hold-enable 
period'. 

In one way of refreshing, external control signals 
such as a row address strobe (RAS) signal and a column 
address strobe (CAS) signal are employed. The so 
called RAS-only-Refresh and CAS-before-RAS Re 
fresh are well known in the art. While a refresh cycle, 
i.e. a time interval of each refresh operation, is desig 
nated by a DRAM maker, in order to satisfy a demand 
for a system design from users, the DRAM maker 
supplies different types of DRAMs with respect to a 
required refresh period. For example, one type DRAM 
specifies that a refresh operation is required to be per 
formed 1024 times within a 16 msec period. Such a 
DRAM is called 1K-type DRAM. Another type 
DRAM is called 2K-type DRAM and specifies that a 
refresh operation has to be performed 2048 times with a 
32 msec period. Still another type DRAM is called 
4K-type DRAM and specifies that a refresh operation 
has to be performed 4096 times within a 64 msec period. 
Assuming here that those 1 K-type, 2K-type and 4K 

type DRAMs have the same memory capacity as one 
another and hence have the same number of word lines 
as one another, the word lines are energized in response 
to every refresh operation one by one in the 4K-type 
DRAM, two by two in the 2K-type DRAM and four by 
four in the 1K-type DRAM. Therefore, the DRAM 
maker produces, in place of producing chips for those 
DRAMs independently of one another, a common chip 
for them but equipped with a bonding option function. 
In the common chip with the bonding option, two 
bonding pads are provided, each of which is connected 
to a power potential or a ground potential by a bonding 
wire. The potential levels of the bonding pads are sup 
plied to a row address buffer and/or a row address 
decoder. Thus, when the combination of the potential 
levels designates the 1K-type, four word lines are ener 
gized simultaneously by some refresh address. In the 
case of designating the 2K-type or 4K-type, two word 
lines or one word line is energized by that refresh ad 
dress. 

In another way for refreshing, a DRAM itself per 
forms a refresh operation by a self-refresh circuit incor 
porated therein, as disclosed in Digest of Technical 
Papers of "1990 IEEE International Solid State Circuits 
Conference", pp. 230, 231 and 303. The self-refresh 
circuit includes a refresh timer and a refresh address 
generator. The timer generates a refresh timing signal in 
a predetermined cycle such that all the memory cells 
are refreshed at least once within the data hold-enable 
period. This predetermined cycle is called a self-refresh 
cycle. Each time the refresh timing signal is generated, 
a word line selected by a row address from the refresh 
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2 
address generator is energized to refresh the memory 
cells connected to the selected word line. The refresh 
address is thereafter incremented or decremented by 
Oe. 

Consider now that the self-refresh circuit would be 
incorporated into the above-mentioned chip with the 
bonding option. In this case, if the lik-type is desig 
nated, since four word lines are energized simulta 
neously each time a self-refresh operation is performed, 
it is performable to expand the self-refresh cycle. Other 
wise, each of word lines is energized many times within 
the data hold-enable period, resulting in increase in 
power consumption. In the case of designating the 4K 
type, on the other hand, since only one word line is 
energized by every refresh operation, it is preferable to 
make the self-refresh cycle short. Otherwise, the energi 
zation of all the word lines is not completed within the 
data hold-enable period, and some word lines may re 
main without being energized. Thus, the self-refresh 
cycle should be varied in accordance with the designa 
tion by the bonding option. 

For this purpose, a plurality of refresh timers would 
be provided to generate a plurality of refresh timing 
signals having refresh cycles different from one an 
other. A selector would be also required to select one of 
the refresh timing signals in accordance with the desig 
nation by the bonding option. As result, a DRAM thus 
produced has complicated hardware. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a DRAM having a bonding option and a self 
refresh circuit for refreshing all the memory cells in a 
self-refresh operation without increasing hardware and 
power consumption. 
A DRAM according to the present invention con 

prises at least one bonding pad which takes one of first 
and second potential levels, a memory cell array having 
a plurality of word lines, a word line energizing circuit 
having an input node coupled to receive the potential 
level of the bonding pad and energizing in a refresh 
operation a first number of the word lines when the 
input node is at the first potential level and a second 
number of the word lines when the input node is at the 
second potential level with respect to a refresh address, 
a refresh timer activated in a self-refresh mode for gen 
erating a refresh request signal in a predetermined cy 
cle, and a gate circuit inserted between the bonding pad 
and the input node of the word line energizing circuit 
and activated in the self-refresh mode to hold the input 
node of the word line energizing circuit at the first 
potential level irrespective of the potential level of the 
bonding pad. 

Thus, the potential level to be supplied to the word 
line energizing circuit such as an address buffer/de 
coder is fixed in the self-refresh mode at the first poten 
tial level even if the bonding pad is applied with the 
second potential level. The word line energizing circuit 
thus energizes the first number of word lines in the 
self-refresh mode with respect to a refresh address. The 
refresh timer generates a refresh request signal in a 
cycle corresponding to the number of word lines to be 
simultaneously energized every self-refresh operation. 
For example, if the cycle of the refresh request signal 
from the refresh timer is designed to be short corre 
spondly to the 4K-type, the word line activating circuit 
energizes one word line every self-refresh operation 



5,295,110 
3 

even when the potential level of the bonding pads desig 
nates the lik-type. Accordingly, all the memory cells 
are refreshed at least one within the data hold-enable. 
On the other hand, when the refresh timer is designed to 
generate a refresh request signal which has a relatively 
long cycle correspondingly to the 1K-type, the input 
node of the word line energizing circuit is held at the 
second potential level to energize four word lines every 
self-refresh operation even if the bonding pad takes the 
level designating the 4K-type. Therefore, power con 
sumption in the slef-refresh mode is lowered. 
The memory device thus constructed has only to 

comprise one refresh timer and a gate circuit and per 
forms a self-refresh operation on all the memory cells 
within the data-enable period without increasing power 
consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, features and 
advantages of this invention will become more apparent 
by reference to the following detailed description taken 
in conjunction with the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram of the first embodiment of 
the present invention; 
FIG. 2 is a waveform diagram for the circuit of the 

first embodiment; 
FIG. 3 is a block diagram of an another embodiment 

of the present invention; 
FIG. 4 is a waveform diagram for the circuit of FIG. 

3; and 
FIG. 5 is a block diagram of a still another embodi 

ment of the present invention. 
DETAILED DESCRIPTION OF THE 

INVENTION 
Referring to FIG. 1, there is shown a DRAM accord 

ing to an embodiment of the present invention. It should 
be noted that only a circuit portion concerning a self 
refresh operation is shown in the drawings. This 
DRAM includes terminals 11 and 12 supplied respec 
tively with a RAS signal and a CAS signal and further 
includes bonding pads or terminals 13 and 14. Each of 
the terminals 13 and 14 is supplied optionally with a 
ground potential or a power potential via a bonding 
wire (not shown). If desired, there may be provided a 
programable circuit to supply the ground or power 
potential to the terminals 13 and 14. These terminals 13 
and 14 are connected to input nodes 6-1 and 6-2 of an 
address buffer/decoder 6 through a gate circuit 5 which 
will be described later in detail. The address buffer/de 
coder 6 responds to a row address supplied thereto and 
energizes one or more of word lines Wo to Wn of a 
memory cell array 7 which also has a plurality of bit 
lines Bo to Bm and a plurality of memory cells MC. In 
a data read/write mode, the address buffer/decoder 6 
energizes one word line in response to a data read/write 
address. In a refresh mode, on the other hand, the ad 
dress buffer/decoder 6 energizes one, two or four word 
lines simultaneously with one another in response to a 
refresh address. The logic combination of the low level 
(i.e., ground potential) and the high level (i.e., power 
potential) at the input nodes 6-1 and 6-2 results in the 
energization of four word lines as the above-mentioned 
1K-type. The logic combination of the high and low 
levels at the nodes 6-1 and 6-2 results in the energization 
of one word line as the 4K-type, and that of the high 
levels at both nodes 6-1 and 603 results in the energiza 
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4. 
tion of two word lines as the 2K-type. Since the circuit 
construction for changing the number of the word lines 
to be energized is well known in the art and does not 
relate directly to the present invention, the further de 
scription of the address buffer/decoder 6 will be omit 
ted. 
The gate circuit 5 includes three inverters 51, 52 and 

55 and two NAND gates 53 and 54 which are con 
nected as shown. Accordingly, when a self-refresh en 
able signal SRFE from a self-refresh entry circuit 1 
takes an inactive low level to represent modes other 
than a self-refresh mode, the potentials at the terminals 
13 and 14 are supplied through the gate circuit 5 to the 
input nodes 6-1 and 6-2, respectively. On the other 
hand, when the self-refresh enable signal SRFE takes an 
active high level to represent the self-refresh mode, the 
potentials at the nodes 6-1 and 6-2 are held at the low 
level and the high level, respectively, irrespective of the 
potentials at the terminals 13 and 14. This causes the 
address buffer/decoder 6 to energizes four word lines in 
response to a refresh address supplied thereto. As ap 
parent from the above description, the low and high 
levels at the terminals 13 and 14 designate the 1K-type, 
and the high and low levels thereat designate the 4K 
type. The 2K-type is designated by the high levels at the 
terminals 13 and 14. 
The self-refresh entry circuit 1 checks the potential 

level of the terminals 11 and 12 to detect whether or not 
the present DRAM is brought into a self-refresh mode. 
As well known in the art and also shown in FIG. 2, the 
self-refresh mode is brought by changing the RAS sig 
nal from the high level to the low level while keeping 
the CAS signal at the low level and by then holding 
both of the RAS and CAS signals at the low level. The 
circuit 1 detects that condition and then changes the 
self-refresh enable signal SRFE to the active high level, 
as shown in FIG. 2. The active high level of the signal 
SRFE activates a refresh timer 2 which thereby gener 
ates a refresh request signal SRQ in a first cycle, as 
shown in FIG. 2. This cycle corresponds to the 1K-type 
and thus is relatively long, because four word lines are 
simultaneously activated in response to one self-refresh 
address, as described above. The refresh address 41 is 
generated by a refresh address generator 4 and supplied 
to the address buffer/decoder 4. 
Each time the refresh request signal SRQ is gener 

ated, a refresh control circuit 3 generates a set of refresh 
control signals 31 to refresh memory cells (not shown) 
in the memory cell array 7 connected to the energized 
four word lines. When the refresh operation responsive 
to the refresh request signal SRQ is completed, the 
circuit 3 generates an address updating signal to incre 
ment or decrement the content, i.e. refresh address, of 
the address generator 4. 

Since four word lines Ware energized and the mem 
ory cells coupled thereto are refreshed every self 
refresh operation, a current consumed by each self 
refresh operation in the DRAM is relatively large, as 
shown by Ip in FIG. 2. However, the cycle of the re 
fresh request signal SRQ is relatively long, an average 
current consumed in the whole self-refresh operation is 
lowered. 

Referring to FIG. 3, there is shown another embodi 
ment of the present invention in which the same constit 
uents as those shown in FIG. 1 are denoted by the same 
reference numerals to omit the further description 
thereof. In this embodiment, a refresh timer 20 gener 
ates, when activated by the active high self-refresh 
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enable signal SRFE, a refresh request signal SRQ hav 
ing a second cycle designed to be relatively short corre 
spondingly to the 4K-type. This means that the address 
buffer/decoder 6 is required to energize one word line 
W in response to one refresh address. For this purpose, 
a gate circuit 50 includes three inverters 511, 531 and 
541 and two AND gates 521 and 551. That is, the active 
high level of the self-refresh enable signal SRFE causes 
the gate circuit 50 to hold the input nodes 6-1 and 6-2 of 
the address buffer/decoder 6 at the high level and the 
low level, respectively, irrespective of the levels of the 
terminals 13 and 14. 

In the self-refresh mode of the present DRAM, since 
the refresh request signal SRQ is generated in relatively 
short cycle, the address buffer/decoder 6 energizes one 
word line every refresh operation, so that all the mem 
ory cells are refreshed at least oncewithin the data hold 
enable period. Power consumption occurs frequently, 
but the peak value of a current every refresh operation 
is small, as shown by Ip in FIG. 4, so that an average 
circuit consumption is almost same as that in the 
DRAM in FIG. 1. 
Turning to FIG. 5, there is shown a still another 

embodiment in which the same constitutes as those 
shown in FIG. 1 are denoted by the same reference 
numerals to omit the further description thereof. In this 
embodiment, a refresh timer 200 generates a refresh 
request signal SRO have a third cycle intermediate 
between the first and second cycles. Therefore, a gate 
circuits 500 includes three inverters 512, 522 and 532 
and two AND gates 542 and 552 which are connected 
as shown in the drawing. That is, the active high level 
of the self-refresh enable signal SRFE causes the gate 
circuit 500 to hold both of the node 6-1 and 6-2 at the 
high level. As a result, the address buffer/decoder 6 
energizes two word lines every self-refresh operation. 

It is apparent that the present invention is not limited 
to the above embodiments but may be changed and 
modified without departing from the scope and spirit of 
the invention. For example, one of the terminals 13 and 
14 can be omitted to support the 1K-type and 4K-type, 
1K-type and 2K-type, or 2K-type and 4K-type. Fur 
ther, the logic levels at the terminals 13 and 14 and 
nodes 6-1 and 6-2 for designating the respective types 
can be changed to other ones. 
What is claimed is: 
1. A semiconductor memory comprising at least one 

terminal taking one of first and second potential levels, 
a memory cell array including a plurality of memory 
cells and a plurality of word lines, a word line energiz 
ing circuit having an input node coupled to said termi 
nal to receive a potential level of said terminal and 
energizing in a refresh operation a first number of said 
word lines when said input node is at said first potential 
level and a second number of said word lines when said 
input node is at said second potential level with respect 
to one refresh address, a refresh timer activated in a 
self-refresh mode and generating a refresh request sig 
nal in a predetermined cycle, a gate circuit inserted 
between said terminal and said input node of said word 
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6 
line energizing circuit and activated in said self-refresh 
mode to hold said input note at said first potential level 
irrespective of the potential level of said terminal, and a 
refresh controller responding to said refresh request 
signal and refreshing the memory cells connected to the 
energized first number of word lines. 

2. The semiconductor memory as claimed in claim 1, 
wherein said first number is larger than said second 
number and said refresh timer generates said refresh 
request signal in a long cycle. 

3. The semiconductor memory as claimed in claim 2, 
wherein said first number is smaller than said second 
number and said refresh timer generates said refresh 
request signal in a short cycle. 

4. A semiconductor memory comprising means for 
detecting said memory is brought into a self-refresh 
mode to produce a self-refresh enable signal, a memory 
cell array including a plurality of word lines, means 
coupled to receive control information for energizing a 
first number of said word lines when said control infor 
mation takes a first state and a second number of said 
word lines when said control information takes a second 
state in response to a refresh address supplied thereto, 
means responsive to said self-refresh enable signal for 
allowing, when said control information takes said first 
state, said first state to be supplied to said energizing 
means and for changing, when said control information 
takes said second state, said second state to said first 
state to supply said first state to said energizing means, 
said energizing means thereby energizing said first num 
ber of word lines in said self-refresh mode, means acti 
vated by said self-refresh enable signal for generating a 
refresh request signal in a predetermined cycle, and 
means responsive to said refresh request signal for re 
freshing memory cells coupled to the energized first 
number of word lines. 

5. The semiconductor memory as claimed in claim 4, 
further comprising a terminal supplied with one of first 
and second potential levels, said control information 
takes said first state when said terminal is supplied with 
said first potential level and said second state when said 
terminal is supplied with said second potential level. 

6. A method for refreshing memory cells in a semi 
conductor memory which has a word line energizing 
circuit for energizing a first number of word lines in a 
first state and a second number of word lines in a second 
state, comprising the steps of detecting that said semi 
conductor memory is brought into a self-refresh mode, 
bringing said word line energizing circuit into said first 
state whenever said semiconductor memory is brought 
into a self-refresh mode, supplying a refresh address to 
said word line energizing circuit in said self-refresh 
mode to cause said word line energizing circuit to ener 
gize said first number of word lines, activating a refresh 
timer in said self-refresh mode to cause said refresh 
timer to generate a refresh-request signal in a pre-deter 
mined cycle, and refreshing memory cells connected to 
the energized first number of word lines in response to 
said refresh request signal. 
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